Appendix B - Tier 2 Equations and Parameter Values
All Tier 1 equations and parameters apply at Tier 2 except as specified below.

Equation for Tier 2 Groundwater Contaminant Transport Model
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Variable definitions

x: distance in the x direction downgradient from the source

erf(): the error function

C(x): chemical concentration in groundwater at x

Cs: Source concentration in groundwater (groundwater concentration at x=0)
Sw: width of the source (perpendicular to x)

Sd: vertical thickness of the source

u: groundwater velocity (pore water velocity); u=Ki/ge

K: hydraulic conductivity

i: groundwater head gradient

ge: effective porosity

| : first order decay coefficient, chemical specific

ax, ay, az: dispersivities in the x, y and z directions, respectively

For the following lists of parameters, one of three is required: site-specific measurements, defaults or
the option of either (which means the default may be used or replaced with a site-specific measurement).

Soil parameters

Parameter Default Value Required
re soil bulk density 1.86 g/cm3 option
foc fraction organic carbon in the soll 0.01 kg-C/kg-soil option
Or total soil porosity 0.3 cm3-voids/cm3-soil option

[ Qas volumetric air content in vadose zone 0.2 cm3-air/cm3-soll default
Ows volumetric water content in vadose zone 0.1 cm3-H,0/cm3-saill default

| Qacrack volumetric air content in foundation/wall cracks 0.2 cm3-air/cm3-soll default
Owerack volumetric water content in foundation/wall cracks 0.1 cm3-H,0/cm3-saill default
| infiltration rate of water through soil 7 cmlyear default

If the total porosity is measured, assume 1/3 is air filled and 2/3 is water filled for determining the water
and air fraction in the vadose zone soil and floor cracks.

Groundwater Transport Modeling Parameters

Parameter Default Value Required

K hydraulic conductivity 16060 cm/year site-specific
i groundwater head gradient 0.01 cm/cm site-specific
Sw width of the source use procedure specified | site-specific

in 135.10(2)

Sd vertical thickness of the source 3m default

ax dispersivity in the x direction 0.1x default

ay dispersivity in the y direction 0.33ax default

az dispersivity in the z direction 0.05ax default

ge effective porosity 0.1 default

where u=Ki/ge
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Groundwater Transport Modeling Parameters (continued)
First-order Decay Coefficients

Chemical Default Value | (d-1) Required
Benzene 0.0005 default
Toluene 0.0007 default
Ethylbenzene 0.00013 default
Xylenes 0.0005 default
Naphthalene 0.00013 default
Benzo(a)pyrene 0 default
Benz(a)anthracene 0 default
Chrysene 0 default

Other Parameters for Groundwater Vapor to Enclosed Space

Parameter Default Value Required

Lgw depth to groundwater from the enclosed space foundation | 1 cm option

Lg enclosed space volume/infiltration area ratio 200 cm option

ER (s-1) enclosed space air exchange rate 0.00014 default

Lcrack enclosed space foundation or wall thickness 15cm default

h areal fraction of cracks in foundation/wall 0.01 default

Other Parameters for Soil Vapor to Enclosed Space:

Parameter Default Value Required

Ls depth to subsurface soil sources from the enclosed lcm option
space foundation

Lg enclosed space volume/infiltration area ratio 250 cm * option

ER (s-1) enclosed space air exchange rate 0.000185 * default

Lcrack enclosed space foundation or wall thickness 15cm default

h areal fraction of cracks in foundation/wall 0.01 default

*These values are an average of residential and nonresidential factors.

Soil Leaching to Groundwater

Parameter Default Value Required

d | groundwater mixing zone 2m default

Building Parameters for lowa Tier 2

Parameter Residential Nonresidential
ER (s-1) enclosed space air exchange rate 0.00014 0.00023
Lg enclosed space volume/infiltration area ratio 200 cm 300 cm

Other Parameters

For Tier 2, the following are the same as Tier 1 values (refer to Appendix A): chemical specific
parameters, slope factors and reference doses, and exposure factors (except for those listed below).

Exposure Factors for Tier 2 Groundwater Vapor to Enclosed Space Modeling:
Potential Residential: use residential exposure and residential building parameters.
Potential Non-residential: use non-residential exposure and non-residential building parameters.
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Diesel and Waste Oil

Proposed Diesel and Waste Oil

Chemical-Specific Valuesfor Tier 1

Media Exposure Pathway Receptor Naphthalene Benzo(a) Benz(a) Chrysene
pyrene anthracene

Groundwater Ingestion actual 150 0.012 0.12 1.2
potential 150 1.2 12.0 NA
Groundwater Groundwater V apor al 4,440 NA NA NA

(ug/L) to Enclosed Space
Groundwater to Plastic Water al 150 1.2 12.0 NA

Line
Surface Water all 150 1.2 12.0 NA
Soil Leaching al 7.6 NA NA NA
to Groundwater

Soil Soil Vapor al 95 NA NA NA

(mg/kg) to Enclosed Space
Soil to Platic al 21 NA NA NA

Water Line

Due to difficulties with analytical methods for the four individual chemicals listed in the above table, Total
Extractable Hydrocarbon (TEH) default values were calculated for each chemical, using the assumption

that diesel contains 0.2% naphthalene, 0.001% benzo(a)pyrene, 0.001% benz(a)anthracene, and 0.001%
chrysene. Resulting TEH Default Values are shown in the following table.

Proposed Diesel

TEH Default Values

Media Exposure Pathway Receptor Naphthalene Benzo(a) Benz(a) Chrysene
pyrene anthracene
Groundwater Ingestion actual 75,000 1,200 12,000 120,000
potential 75,000 120,000 1,200,000 NA
Groundwater Groundwater V apor al 2,200,000 NA NA NA
(ug/L) to Enclosed Space
GroundwaterLt_o Plastic Water al 75,000 120,000 1,200,000 NA
ine
Surface Water al 75,000 120,000 1,200,000 NA
Sail Leaching al 3,800 NA NA NA
to Groundwater
Soil Sail Vapor al 47,500 NA NA NA
(mg/kg) to Enclosed Space
Soil to Plagtic al 10,500 NA NA NA
Weater Line

The lowest TEH default value for each pathway (shown as a shaded box) was used in the Tier 1 Table.

B-3




Due to difficulties with analytical methods for the four individual chemicals, Total Extractable
Hydrocarbon (TEH) default values were calculated for each chemical, using the assumption that waste

oil contains no naphthalene, 0.003% benzo(a)pyrene, 0.003% benz(a)anthracene, and 0.003% chrysene.
Resulting TEH Default Values are shown in the following table.

Proposed Waste Qil Table

TEH Default Values

Media Exposure Pathway Receptor Naphthalene Benzo(a) Benz(a) Chrysene
pyrene anthracene
Groundwater Ingestion actual NA 400 4,000 40,000

potential NA 40,000 400,000 NA
Groundwater Groundwater V apor al NA NA NA NA

(ug/L) to Enclosed Space
GroundwaterLt_o Plastic Water all NA 40,000 400,000 NA

ine
Surface Water all NA 40,000 400,000 NA
Soil Leaching al NA NA NA NA
to Groundwater

Sail Soil Vapor al NA NA NA NA

(mg/kg) to Enclosed Space
Soil to Platic al NA NA NA NA

Water Line

The lowest TEH default value for each pathway (shown as a shaded box) was used in the Tier 1 Table.
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